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The Eastern Black Sea Region is characterized by mountainous and steep terrain, limiting agricultural activities. 
This, in turn, has been causing the natural lands of mostly forests and grasslands in the region to be converted to 
other uses, mostly agriculture as an alternative income for the local people.  However, it is well known that such 
conversions negatively affect all the natural resources including soil properties. Therefore, in this study, changes in 
some soil parameters in the forest and the neighboring agriculture (converted from the forest) lands within the 
watershed of the Godrahav Creek Watershed were investigated with respect to current land use type and soil depth. 
For this purpose, a total of  36 soil samples based on land use types (forestland, agriculture) and soil depth (0-10 cm 
and 10-20 cm) were taken to be analyzed for texture, permeability, bulk density, organic matter (OM), pH. 
Differences and relations among these properties were statistically examined using the analysis of variance analyses 
(ANOVA). It was determined that the most of the soil characteristics analyzed were significantly different between 
the lands of forest and agriculture in the study area. For example, as expected, the amount of OM was significantly 
higher in forestlands with 6.71% than the agricultural land with 5.50% while the pH was increased from 5.51 to 6.88 
after conversion. In addition, bulk density was also increased from 1.07 gr/cm3 in forests to 1.23 gr/cm3 in 
agriculture areas whereas better permeability was found for forestlands (302.32 mm/hr) than agricultural lands 
(110.96 mm/hr). 
 






Soil is a natural resource which renews itself and makes sustainable use possible only when it is used in a planned 
way. The main purpose of every type of land use is to obtain the continuous and the highest level of product from 
the soil by preserving it. This depends on the use of the land in accordance with the capability classes (Hızal, 1991). 
However, a large number of ecological and economic problems including soil erosion are experienced in our country 
as a result of failing to comply with land capability classification and improper land use. In Turkey, about 7.1 
million people who live in and around the forests and generally have poor economic conditions earn a livelihood by 
being engaged in grazing and agricultural activities in the forests or lands opened from the forests (Karagül, 2002). 
As a result of these factors, forest soils become deprived of litter and humus, the soil becomes compacted, so the 
infiltration and water holding capacity decrease and the surface runoff and erosion increase (Kalay and Karagül, 
1992). 26% of the world's lands (1.230 billion hectares.) are destroyed because of improper land use. While 
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overgrazing is in the first place in the emergence of this problem by 34.5%, deforestation, improper agricultural 
activities and the improper use of the land have an important share in it as well (Doğan, 2002). 
The conversion from forest areas to agricultural areas for reasons such as yield decrease as a result of especially the 
lack of arable land and erosion is also going on in our day although there has been a significant decrease in recent 
years. In this study, it was aimed to examine how the said conversion applications that occurred from the past to 
present in the Godrahav Creek Watershed affected some physical, hydrophysical and chemical properties of the soils 
in respect to land use type (forest and agriculture) and depth layers. 
Material and Method: The research field is in Artvin- Godrahav Creek Watershed (Figure 1) and located between 
geographical coordinates 41º 12' 35"- 41º 14' 15" North and 41º 51' 27"- 41º 51' 18" East. The highest point is Kesik 




Figure 1. Geographic and Topographic Location of the Research Area 
 
Artvin and its vicinity have the Black Sea coastal (oceanic), Black Sea interior (semi-continental) and Eastern 
Anatolian (continental) climate belts (Yüksek & Ölmez, 2002). According to the Artvin Meteorology Station' 
observation data for the last 59 years (1954-2013), the average annual temperature was 12.2 ºC and the average 
annual precipitation was 698.7 mm (Anonymous, 2014). In terms of vegetation cover and flora, Artvin is a part of 
the Colchis section of the Euro-Siberian region. Forest vegetation in the region mostly consists of broad-leaved 
species, and coniferous taxa in some parts, depending on the altitude (Anşin, 1983). Four different types of bedrock 
groups were identified in the study area: basalt, rhyodacite, granite and limestone. It is seen that basalt bedrock 
dominates the area, making up 63.3% of the watershed. In terms of the land use, it is seen that the area was 
composed of forest, agricultural land, meadow and settling areas by 77.88%, 12.25%, 6.11% and 3.75%, 
respectively. In addition, it was found that as much as 80.72% of the watershed had above 20% slope, and only 
19.28% of the area had a slope of less than 20%. 




A total of 36 bag (disturbed soil sample) and 36 cylinder (undisturbed soil sample) samples were taken from 36 
different points selected from forests and agricultural areas (18 forests, 18 agricultural areas), from two depth layers 
of 0-10 cm and 10-30 cm. The soil samples taken were crushed after being dried until they became air-dry soil, and 
they were made ready for the analysis by being filtered through a 2 mm sieve. The Bouyoucos hydrometer method 
and texture triangle were used to determine the texture of soil samples (Gülçur 1974). The bulk density was 
calculated as gr/cm3 by dividing the oven-dry weight of the sample by the cylinder volume on the soil samples the 
natural structure of which was undisturbed (Blake and Hartge, 1986; Grossman and Reinsch, 2002). Permeability 
was calculated by being measured under constant hydrostatic pressure on the cylinder samples the natural structure 
of which was undisturbed (Klute and Dirksen, 1986). Soil reaction (pH) was determined by making measurements 
from the solution which was composed of 1:2,5 soil - pure water mixture with a digital pH meter (WTW pH 
330i/SET) (Gülçür, 1974; Karaöz, 1989a). The organic matter in the soil samples was measured using the “Walkley-
Black” wet incineration method (Gülçür, 1974; Karaöz, 1989b; Kacar, 1996). The data obtained from the study were 
subjected to the analysis of variance to determine whether the difference between the soil properties of forest and 






According to the Land Use Type  
According to different land use types of the research area; the average amount of clay was found as 18.25% in the 
forest and as 24.81% in agriculture, the average amount of sand was found as 56.12% in the forest and as 49.20% in 
agriculture, and the average amount of silt was found as 25.63% in the forest and as 25.99% in agriculture. In the 
statistical analysis, while it was found that the difference between the amounts of sand and clay was significant in 
terms of different land use types, land use types gave similar results in terms of the amount of silt. The highest 
amount of clay was found in agricultural soils, and the highest amount of sand was found in the forest soils (Table 
1). The leaching of the clay in the soil profile was relatively less because the agricultural lands in the research field 
were located at the altitudes of the watershed, and the average trends were lower compared to forest soils. 
According to different land use types of the research area; the average amount of organic matter was found as 6.71% 
in the forest and as 5.50% in agriculture, and the average pH was found as 5.51% in the forest and as 6.88% in 
agriculture. It was found that there was a statistically significant difference between land use types in terms of 
organic matter and pH value (Table 1). The fact that the defoliation and litter accumulation were high for many 
years despite the human interference in forest areas can be shown as a reason for the high amount of organic matter 
content in forest soils. Karagül (1994) stated that the organic acids that formed during decomposition of organic 
matter had a great effect in this event and that the basic elements were leached towards the lower layers in the 
profile for many years because the forest soils remained in the natural state. The decrease in organic matter by 
decomposing as a result of the continuous cultivation of the soil, the lack of a quality and continuous vegetation 
cover that will provide organic matter on soil and the removal of the organic matter spent by agricultural plants 
during growth and development from the area along with harvesting can be listed as the reasons for the presence of 
less organic matter in agricultural soils. There are statistically significant differences between land use types in terms 
of pH values. Organic matter had a great effect on the fact that the pH ratio in forest soils was lower since it has 
been demonstrated by many researchers that pH decreases as the organic matter increases (Yüksek, 2001; Özalp et 
al., 2016). Similarly, in this study, although pH was found lower in forest soils as the organic matter was more in 
them, it was higher in agricultural soils. The subsoil and topsoil are mixed by plowing as a result of the continuous 
cultivation of agricultural soils, and pH increases in agricultural soils because the basic elements leached in the 
profile were moved to the top soil again. 
 
According to different land use types of the research area; the average bulk density was found as 1.07 gr/cm3 in the 
forest and as 1.23 gr/cm3 in the agriculture. The highest bulk density values were found in agricultural soils. In the 
comparisons made, the difference between the bulk density values was found statistically significant according to 
the land use type (Table 1). The low organic matter value in agricultural soils may be one of the reasons of the result 
of high bulk density value. In a study in which the relationships between land use types and some soil properties  in 
Çankırı-Eldivan Region were investigated, Göl (2002) measured the lowest bulk density (0.93 gr/cm3) in natural 
forest soils with the highest amount of organic matter (7.21%). 
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Table 1. Statistical comparison of the changes in some properties of forest and agricultural soils of the research field 




N Land Use 
Type 
X F Value Depth 
Layers(cm) 
X F Value 
Clay 




18 Agricultural 24,81 
10-30 23,99 
Sand 




18 Agricultural 49,20 10-30 49,36 
Silt 
18 Forest 25,63 
0,09NS 
0-10 24,97 
1,88NS 18 Agricultural 25,99 10-30 26,66 
pH 




18 Agricultural 6,88 10-30 6,31 
Organic 
matter (%) 




18 Agricultural 5,50 10-30 5,13 
Bulk density 
(gr/cm3) 
18 Forest 1,07 
10,62** 
0-10 1,04 









18 Agricultural 110,96 10-30 130,67 
N: Number of Sample; X: Arithmetic Mean; *: Significant with 0.05 Error; **: Significant with 0.01 Error; N.S: 
Insignificant with 0.05 Error. 
 
According to different land use types of the research area; the average permeability was found as 302.32 mm/hour in 
the forest and as 110.96 mm/hour in the agriculture, and the difference was found to be statistically significant 
(Table 1). It is generally known that the permeability amount decreases as moving from forest soils towards 
agricultural soils. The fact that the permeability is significantly more in forest soils compared to agricultural soils 
can be explained by the microorganism activities occurring in forest soils for many years, the decay of dead roots, 
and also by the formation of a channel system with the action of water and the rapid transition of rainfall to the 
lower soil layers for these reasons. Furthermore, the excessive amount of organic matter with the feature of 
improving the structure of the soils increases the amount of permeability. 
 
According to Depth Layers 
When the research area soils were analyzed according to depth layers, the amount of sand was more in the depth 
layer of 0-10 cm, and the amount of clay was more in the depth layer of 10-30 cm, and the differences were 
significant. In the amount of silt, although an increase was observed as moving towards subsoils, no significant 
change was found according to depth layers (Table 1). In his study, Özyuvacı (1978) investigated the erosion trends 
of Kocaeli peninsula's soils and stated that the parent material was the most important factor involved in the 
development of different properties of soils located in the research area. In the same study, it was determined that 
the amount of sand content decreased depending on the soil depth, and the amounts of silt and clay increased 
depending on the depth. In the study in which Kalay and Yüksek (2001) investigated some physical, hydrophysical 
and erosion trends of the soils under different land use types in the Artvin Kafkasör watershed, they found, in terms 
of soil fractions, that the sand and silt ratio changed inversely proportional to the sampling depth, and the clay ratio 
changed directly proportional to the sampling depth. 
In the research area soils, the amount of organic matter decreased and pH increased depending on the depth layer 
(Table 1). The difference according to depth layers was found as statistically significant in terms of the amount of 




organic matter and as statistically insignificant in terms of pH value. The activities of living creatures above the soil, 
amount of root and defoliation are the most important causes of the excessive organic matter on the topsoil. 
Özyuvacı (1976) found that organic matter values decreased depending on the soil depth, and clay content, bulk 
density and pH values increased depending on the sampling depth. 
The bulk density increased depending on the depth, and the difference was found to be statistically significant 
(Table 1). The increase in the amount of clay affects the soil's bulk density in an increasing way, and the organic 
matter affects it in a decreasing way. The bulk density was low in topsoils that were rich in organic matter, and 
various living creature activities and plant roots decreased the bulk density by increasing the pore space. Mc Conkey 
(1997) stated that the bulk density was increased from 1.4 gr/cm3 to 1.7 gr/cm3 when the soil depth reached from 0-
10 cm to 20-30 cm. Wall and Heiskanen (1998) analyzed 84 soil samples at various depth layers in agricultural areas 
and found that the amount of organic matter decreased by 54% according to the soil depth and that the bulk density 
increased by 37%. There was a decrease in the average amount of permeability as the depth increased, and the 
statistical difference was found to be very significant (Table 1). Soils become more impermeable as the depth 
increases, and the pore volume of the water decreases. This also decreases the permeability by making the 






The changes of a total of 7 soil properties including physical, hydrophysical and chemical properties on soil samples 
taken from the research area according to different land use types and different depth layers and the relations with 
each other were examined. According to the results obtained from the studies carried out, the land use type 
significantly affected the soil properties of the research area, and 6 properties (clay, sand, organic matter, pH, bulk 
density, permeability) of the 7 soil properties which were studied for the research area were statistically significantly 
changed depending on the land use type. According to depth layers, 5 properties (sand, clay, permeability, bulk 
density, organic matter amount) showed statistically significant differences in the forest and agricultural soils. The 
agricultural lands and the destroyed forest lands within the watershed including the research area are constantly 
under the threat of erosion. Therefore, firstly improper land use should be ceased, the misuses of soils should be 
decreased, and the necessary measures should be taken and implemented to stop the erosion. Increasing the yield in 
agricultural lands should be provided by the application of modern technologies and obtaining more yields per unit 
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